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We aimed to evaluate whether using sodium hyaluronate carboxymethylcellulose membrane
(Sepraﬁlm) can facilitate assessment of hepatic microcirculation via orthogonal polarization spec-
troscopy (OPS) by preventing intra-abdominal adhesions and whether Sepraﬁlm as a foreign material
can evoke local or systemic inﬂammatory reactions. After the right median hepatic vein was ligated, rats
received either placement of Sepraﬁlm or untreated with observation of 1 or 4 weeks (n ¼ 6/group).
Hepatic microcirculation was visualized. Systemic and local inﬂammatory reactions were evaluated by
blood count, histology and immunohistochemical staining for CD68. Sepraﬁlm signiﬁcantly (P < 0.05)
prevented intra-abdominal adhesion formation compared to non-Sepraﬁlm groups (adhesion score:
0 vs 1.3  0.5 at POW1 and 0.3  0.5 vs 3.5  1.4 at POW4). Placement of Sepraﬁlm provided sufﬁcient
liver surface for acquisition of OPS videos during the harvest procedure. Adhesiolysis in non-Sepraﬁlm
groups prevented visualization of hepatic microcirculation. A severe local foreign body reaction with
formation of a “ﬁbrin-like” membrane containing CD68-positive inﬂammatory histiocytic cells and
mesothelial cells was observed in Sepraﬁlm groups even at POW4. Use of Sepraﬁlm conferred
visualization of hepatic microcirculation after long term observation in experimental setting. In clinical
situation, we would suggest being very cautious in immuno-compromised patients because of an
ongoing local foreign body reaction caused by Sepraﬁlm.
 2013 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
Sepraﬁlm (Genzyme Corporation, Cambridge, MA) is a sterile,
bioresorbable, translucent membrane. It is composed of modiﬁed
anionic sodium hyaluronic acid and carboxymethylcellulose, which
forms a physical barrier between adjacent tissues and prevents
adhesion. Sepraﬁlm reduced the incidence, extent and severity of
postoperative adhesions safely and effectively in both animal
models1,2 and randomized clinical studies.3,4
Orthogonal polarization spectroscopy (OPS), as a tool of in-vivo
microscopy, has been used to evaluate hepatic microcirculation inisceral and Vascular Surgery,
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ittsburgh, Pittsburgh, USA.
Vascular Surgery, University
Elsevier Ltd on behalf of Surgical Aboth research work5 and clinical studies.6 In our previous experi-
ments,7 we performed OPS on the rat liver. However, severe adhe-
sions occurred between the diaphragm and the superior surface of
the median lobe subsequent to the right median hepatic vein liga-
tion. Acquisition of OPS videos requires an untouched, smooth and
even liver surface. Physical separation of the liver surface from
adjacent abdominal organs carries ahigh risk to cause laceration and
bleeding which impairs the acquisition of microcirculatory data.
Thus, we aimed to evaluate whether using Sepraﬁlm can
facilitate assessment of hepatic microcirculation via OPS at 1 and
4 weeks after right median hepatic vein ligation (RMHV-L) and
whether Sepraﬁlm as a foreign material can evoke local or sys-
temic inﬂammatory reactions in this setting when observing ani-
mals for either 1 or 4 weeks.
2. Material and methods
2.1. Experimental design
All rats were subjected to RMHV-L to assess the process of spontaneous recovery
from focal outﬂow obstruction. Immediately after ligation, rats received eitherssociates Ltd.
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for 1 or 4 weeks (n ¼ 6/group/time point). Additional 6 naïve rats served as control
(C-group).
2.2. Animals
Male inbred Lewis (Lewis/HanHsd) rats (250e350 g, Central animal Labora-
tory, University Hospital Essen, Germany) were employed in this study. Housing and
all procedures were carried out in accordance with German Animal Welfare Legis-
lation, and approved by the Landesamt für Natur, Umwelt und Verbraucherschutz
Nordrhen Westfalen (x8 Tierschutzgesetz).
2.3. Experimental procedures
The RMHV was exposed and isolated from the liver mass prior to ligation with
one silk 6-0 suture (Resorba, Nuremberg, Germany), as described previously.8
Before closing the abdomen, Sepraﬁlm was placed on the median lobe in the
treatment groups. Placement of Sepraﬁlm was performed applying a method re-
ported by Alexander.9 The abdomenwas ﬁlled with saline which was removed with
gauze before placing the Sepraﬁlm. Sepraﬁlmmembrane together with its paper
holder which prevents Sepraﬁlm from sticking to other things before placement
was taken carefully out of the package. To apply Sepraﬁlm, a 2-mm leading edge of
the membrane is advanced beyond the holder. The edge of the membrane was
gently exposed. The leading edge of one Sepraﬁlm membrane with the size of
4  5 cm2 was placed directly over the surface of the right median lobe. Meanwhile,
the holder was pulled away, exposing the whole membrane to the liver surface. A
second Sepraﬁlm membrane of the same size was placed between the posterior
surface of the right median lobe and the right superior lobe and the left lateral lobe.
After completion of the procedure, the viscera were replaced into the abdomen. The
incision was closed in two layers with a running suture using PGA 3-0 (Resorba,
Nuremberg, Germany).
2.4. Harvest procedure
Rats were euthanized by exsanguination at POW (post-operative week) 1 or
POW4. Severity of adhesions was assessed by both direct vision and according to the
described scoring system (Table 110). Severity of adhesions was graded as absent (no
adhesion), moderate (needing either need blunt separation or sharp dissection), or
severe (full-thickness). The time of adhesiolysis between diaphragm and hepatic
surface was recorded. After adhesiolysis by blunt separation or sharp dissection and
evaluation of adhesion severity, the hepatic microcirculation was visualized.
2.5. Visualization of hepatic microcirculation
OPS system (Cytoscan, Cytometrics, Inc., Philadelphia, PA) was used to visualize
hepatic microcirculation was described in detail previously.8,11 The time for OPS
video acquisition was recorded as well.
2.6. Postoperative image and video analysis
CapiScope was used to analyze OPS videos postoperatively. Focus, sharpness,
stability and disturbance were assessed to evaluate video quality prior to analysis.
Marked differences between the groups were determined qualitatively.7
2.7. Evaluation of systemic and local inﬂammation
Blood samples were taken for routine blood count examination by using
impedance blood cell analyzer (ABCVet Animal blood counter, ABX Hematologie,
Montpellier, France).
The liver tissue samples from the right median lobe were ﬁxed and embeded for
either Hematoxylin-Eosin (H&E) staining or immunohistochemical staining. Other
abdominal organs (right and left kidney, spleen and intestine) were routinely har-
vested and subjected to standard histopathological staining and assessment to
exclude major surgical complications.Table 1
Scoring system of adhesion formation as proposed.11
Grade Description
0 No adhesion
1 Slight adhesions can be separated with blunt dissection
2 Moderate adhesion can be mostly separated with blunt
dissection, but require sharp dissection in <50% of the
adhered segments
3 Severe adhesions require sharp dissection in >50% of
adhered segments
4 Presence of serosal injuery
5 Presence of full-thickness injury2.8. Immunohistochemistry
For the detection of CD68, slides were incubated with monoclonal mouse anti-
CD68 antibody (Abcam, Cambridge, UK) for 1 h at room temperature. Detectionwas
performed using Power vision AP-poly anti mouse alkaline phosphatase (Immu-
noLogic, AD Duiven, Netherlands) and Fast red (Dako Cytomation, Hamburg, Ger-
many) as substrate. Distribution of positive staining was documented using a digital
camera (ColorViewIII, Olympus, Japan) mounted on a microscope (Leica DMLB,
Leica, Germany). CD68 positive cells were countedmanually using Image Tool 3.0 for
Windows (University of Texas, NIH, Maryland, USA) in 3 images from the portal tract
respectively the central vein in the normal zone and in the obstructed zone (200
magniﬁcation).
2.9. Statistical methods
Normal values of different parameters were expressed as mean  SD. Statistical
analysis was performed using the one-way ANOVA test. All statistical analyses were
performed using Sigma Stat v.3.5 (Systat Software, Inc.). Graphs were generated
using Sigma Plot v.9 (Systat Software, Inc.). P < 0.05 was denoted as statistically
signiﬁcant.
3. Results
3.1. Survival
The experimental model of focal outﬂow obstruction was
established successfully. All rats subjected to surgery survived in
good clinical condition throughout the observation period in both
the S- and the Non-S-groups.
3.2. Macroscopic ﬁndings
The median lobe of a normal rat liver is suitable for acquisition
of in-vivomicroscopical videos by OPS. Macroscopically, the normal
liver surface was untouched, smooth and even (Fig. 1A). Compared
with the median lobe of normal control, drainage territory of right
median hepatic vein turned dark immediately after RMHV-L,
leading to a clearly visible demarcation of the outﬂow obstructed
territory in the S- and the Non-S group (Fig. 1B).
As depicted in the macroscopical images, moderate adhesions
occurred between diaphragm and median lobe in Non-S-group at
POW1 (Fig. 1D) and severe adhesions at POW4 (Fig. 1F), whereas
almost no adhesions were found in S-group at POW1 (Fig. 1C) and
POW4 (Fig. 1E), leading to a visible difference when applying the
scoring system. According to the scoring system, the severity of
adhesions was signiﬁcantly lower in S-group compared to the Non-
S groups (0 vs 1.3  0.5 at POW1 and 0.3 0.5 vs 3.51.4 at POW4,
P< 0.05) (Table 2). This ﬁnding indicates that the use of Sepraﬁlm
reduced the formation and the severity of adhesions between the
diaphragm and the surface of right median lobe in rats.
Adhesions between the median lobe and the other liver lobes
in the non-S-group were similar compared with the S-group
(Fig. 1CeF). The corresponding adhesion scores at both time points
showed no signiﬁcant difference between Non-S-groups and S-
groups (1.2  0.4 vs 1.8  0.4 at both POW1 and POW4) (Table 2).
Although no adhesions were encountered in the S-groups, a
thin white “ﬁbrin-like” membrane was found on both, the
anterior and the posterior surface of the median lobe in POW1
(Fig. 1C). This membrane became thicker and more visible at
POW4 (Fig. 1E) compared to POW1 in the S-group. The mem-
brane fully covered the intralobular ﬁssure between the right
median lobe and the left median lobe, so that these two lobes
could not be separated easily. The median lobe did adhere to the
left lateral lobe and the right superior and inferior lobes via this
membrane in S-groups. Blunt separation was performed between
the right median lobe and the adherent lobes (left lateral lobe,
and right superior and inferior lobes) to explore the median lobe
in S-groups. After the adhesiolysis procedure in POW1 in the S-
Fig. 1. Comparison of postoperative macroscopic results in the S-group and the Non-S-group. (A) Normal liver surface. (B) Immediately after RMHV-L. (C) A thin white “ﬁbrin-like”
membrane (arrow) was found on the surface of the right median lobe at POW1. No adhesions were found between median lobe and diaphragm. Small lacerations occurred after
blunt separation (arrow). (D) Moderate adhesions were found between diaphragm and right median lobe in Non-S-group at POW1. (E) The ﬁbrin-like membrane was thicker and
more visible at POW4. (F) Severe adhesions were found between diaphragm and median lobe (arrow) in Non-S-group at POW4. Sharp dissection was needed for adhesiolysis.
RMHV-L: Right median hepatic vein ligation. POW: postoperative week.
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lobe surface which adhered to the left lateral lobe and right su-
perior lobe. The membrane could be removed easily from the
liver surface.Table 2
Number of animals with a given adhesion score in S-groups and Non-S-groups.
Adhesion
score
grade
POW1
S-group (n ¼ 6) Non-S-group (n ¼ 6)
Diaphragm vs
liver lobe
Liver lobe vs
liver lobe
Diaphragm vs
liver lobe
Liver lobe
liver lobe
0 6 rats e e e
1 e 5 rats 4 rats 1 rats
2 e 1 rats 2 rats 5 rats
3 e e e e
4 e e e e
5 e e e e
POW: post operative week.
S-group ¼ with Sepraﬁlm.
Non-S-group ¼ without Sepraﬁlm.In the Non-S-group at POW1, blunt separation was performed to
free themedian lobe fromdiaphragmandother liver lobes.Moderate
laceration or bleeding occurred after separation. In the Non-S-group
at POW4, both blunt separation and sharp dissectionwere needed toPOW4
S-group (n ¼ 6) Non-S-group (n ¼ 6)
vs Diaphragm vs
liver lobe
Liver lobe vs
liver lobe
Diaphragm vs
liver lobe
Liver lobe vs
liver lobe
4 rats e e e
2 rats 5 rats e 1 rat
e 1 rats 2 rats 5 rats
e e 1 rat e
e e 1 rat e
e e 2 rats e
Table 3
Numbers of rats in which the OPS videos is sufﬁcient for analysis of hepatic
microcirculation in S-group and Non-S-group.
S-group Non-S-group
POW1 6 rats 3 rats
POW4 6 rats 0 rats
POW: post operative week.
S-group ¼ with Sepraﬁlm.
Non-S-group ¼ without Sepraﬁlm.
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bleeding was found in 3 out of 6 rats (Fig. 1D and F). Adhesiolysis
caused massive bleeding in one rat leading to the death.
3.3. Qualitative analysis of hepatic microcirculation videos
It was fast and convenient to perform acquisition of hepatic
microcirculation videos by OPS from normal rat liver surface. Blood
ﬂow inside the sinusoids was clearly visualized in microcirculation
videos in normal control group. Videos of normal control rats were
of sufﬁcient quality to evaluate sinusoidal and inter-sinusoidal
diameter (Fig. 2A and B). However, videos from non-S-groups at
both POW1 and POW4 always contained ﬂoating and moving
erythrocytes within the visual ﬁeld due to laceration after adhe-
siolysis (Fig. 2C and D). At POW1, visualization of sinusoids and
intersinusoidal space was disturbed in 3/6 animals when the video
was blurred and out of focus after adhesiolysis and impossible in
the other 3/6 animals. At POW4, quality of OPS videos from the
whole non-S-group was insufﬁcient to analyze (Table 3).
In S-groups, the OPS video acquisition had to be performed
through the ﬁbrin-like membrane on the liver surface, because
small laceration and bleeding occurred after the Sepraﬁlm was
removed. Therefore areas on the liver surface where the membraneFig. 2. Comparison of OPS video quality in the S-group and the Non-S-group. (A) and (
erythrocytes within the visual ﬁeld due to laceration (triangles) in the group without Sepraﬁ
quality was disturbed as well but appeared different due to the ﬁbrin-like membrane at PO
blurred (arrows).was thin and appeared translucent had to be found. Nevertheless,
the video quality was not as good as in normal control animals
because of the disturbance by the ﬁbrin-likemembrane (Fig. 2E and
F). At POW1, visualization of sinusoidal blood ﬂow was diffuse in
some part of the video ﬁeld because of uneven thickness of ﬁbrin-
like membrane on the liver surface. The liver surface was not
suitable for OPS video acquisition where the ﬁbrin-like membrane
was thick and non-transparent. Searching and careful adjustments
of the OPS device focus to acquire the acceptable OPS videos was
time-consuming. The time needed for OPS video acquisition in S-
group was similar as in non-S-group (about 35 min vs 50 min), but
signiﬁcantly longer compared to C-group (about 12 min) (Fig. 3). At
POW4, the time needed for video acquisition was similar as theB) Normal sinusoidal structure. (C) and (D) After adhesiolysis, ﬂoating and moving
lm placement (Non-S-group) at POW1 and POW4 respectively. (E) and (F) The video
W1 and POW4. Visualization of sinusoidal blood ﬂow in some area was diffused and
Fig. 3. Time of OPS videos acquisition in both S-group and Non-S-group compared
with normal control. (*: P < 0.05 S-group compared with C-group).
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OPS videos difﬁcult and time consuming as well (Fig. 3). However,
placement of Sepraﬁlm avoided adhesion between the liver sur-
face and diaphragm subsequently prevented bleeding from the
laceration after adhesiolysis. Sepraﬁlm application enabled to
obtain videos with a sufﬁcient technical quality for further analysis
of hepatic microcirculation compared with non-S-groups.Fig. 4. Histological ﬁnding of Non-S-group (A and B) and S-group (C to D) at POW1 and PO
mesothelial cells and ﬁbrin (arrow). Cells containing this amorphous material (arrow) were3.4. Histological ﬁnding
In Non-S-group, no obvious histological change was observed at
both POW1 and POW4 (Fig. 4A and B). In S-groups with application
of Sepraﬁlm, a thick ﬁbrous membrane was formed, which
covered the peritoneal surface of the liver with mesothelial cells
and ﬁbrin at both POW1 and even thicker at POW4 (Fig. 4C and D).
In this ﬁbrous membrane, multiple phagocytic cells were
embedded in amorphousmaterial. Cells containing this amorphous
material were also observed in sinusoids close to the peritoneum
(Fig. 4E and F). Focal interruptions of the elastic membrane of the
peritoneum occurred in the surrounding of foreign body granu-
lomas. Multiple histiocytic cells containing amorphous material
were found in the red pulp in spleen samples at both time points as
well (Fig. 5C and D) whereas no histiocytic cells containing amor-
phous material were found in Non-S-group (Fig. 5A and B).
3.5. Evaluation of systemic and local inﬂammation
White blood cell counting was performed in both the S- and the
Non-S-groups to assess systemic inﬂammation. However, leuco-
cytosis indicative of systemic inﬂammation did not develop at any
postoperative time points (Fig. 6).W4. (C and D) Multiple phagocytic cells were embedded in amorphous material with
also observed in sinusoids close to the peritoneum.
Fig. 5. Hematoxylin-Eosin staining of the spleen in Non-S-group and S-group at POW1 and POW4. No Histiocytic cells containing amorphous material were found in non-S-group
(A and B) whereas multiple histiocytic cells (arrows) containing amorphous material were found in the red pulp in spleen samples at both time points in S-group (C and D) (400).
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In order to visualize local intrahepatic inﬂammatory changes,
the number of macrophages in the liver was assessed based on
CD68 staining in liver samples from both operated groups and the
control. The number of CD68 positive cells varied between animals.
No signiﬁcant differences between groups were observed (Fig. 7).
Application of Sepraﬁlm caused the formation of a “membrane-
like”-thickening of the peritoneal surface of the liver, which was
heavily inﬁltrated with CD68 positive staining cells (Fig. 7A and C).
This suggests a local inﬂammatory reaction in response to the
foreign material applied on the liver surface.
4. Discussion
Various approaches are currently used to minimize or prevent
the formation of abdominal adhesions.12 On the surgical side,
adaptation of gentle surgical techniques such as gentle handling
and reduction of the extent of manipulations is highly recom-
mended. On the pharmacological side, application of Ringer’sFig. 6. White blood cell counting in both S-group and Non-S-group compared with
normal control. Leucocytosis indicative of systemic inﬂammation did not develop at
any postoperative time point in both groups.lactate solution or low dose aspirin before closing incision13 is
considered useful to prevent the adhesions. Physical barriers are
employed to separate two raw surfaces mechanically to prevent
them from sticking together. Sepraﬁlm was initially employed in
abdominal surgery as an effective prophylaxis for reduction of
adhesion formation. Retrospective analysis and evidence-based
clinical trials have demonstrated that Sepraﬁlm placement
could effectively prevent the formation of postoperative adhe-
sions.3,4 In the present study, we conﬁrmed that Sepraﬁlm
placement was sufﬁcient to prevent the formation of adhesions
between liver and diaphragm. No blunt separation or sharp
dissection was needed to separate the diaphragm and median lobe
after reopening the abdomen.
OPS has been used as a noninvasive tool for the assessment of
microcirculation since 1990s. Compared with intravital ﬂuorescent
microscopy (IFM) method, OPS is easier to perform and more
convenient. We used OPS repeatedly to evaluate hepatic microcir-
culation in the rat.7,14 However, the criteria to judge the suitability
of the organ surface for assessment of microcirculation using OPS
have not yet been described in detail. In the present experiments,
we found that either blunt separation or sharp dissection during
the adhesiolysis led to small lacerations and bleeding on the liver
surface. Laceration or small bleeding after adhesiolysis causes
release of erythrocytes. Erythrocytes were ﬂoating and moving on
the surface of the liver lobe which disturbed the image acquisition.
Thus, an untouched, clean and uninjured liver surface is required
for a fast acquisition of high quality video sequences.
Sepraﬁlm has been reported absorbed within 7days and
completely excreted from the body within approximately 28days
after implantation.3 However, a ﬁbrin-like membrane formed
and remained where Sepraﬁlm had been placed. Vipond et al.
reported that peritoneal injury associated with ischemia interfered
with ﬁbrinolysis and subsequently led to organization rather
than resolution of a ﬁbrin matrix.15 Tarhan et al. found that
Sepraﬁlm acts mainly as physical barrier to prevent the formation
of adhesions rather than directly interfering with peritoneal ﬁbri-
nolytic activity.16 Those two ﬁndings might explain the formation
of ﬁbrin-like membrane in our present study that the placement
Fig. 7. Immunohistochemical staining of CD68 in Non-S-group and S-group at POW1 and POW4. In S-group, formation of a “membrane-like”-thickening of the peritoneal surface of
the liver, which was heavily inﬁltrated with CD68 positive staining cells, was observed (marked with brackets C and D) (100).
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might have caused peritoneal injury subsequently interfering with
the ﬁbrinolytic process.
We observed that placement of Sepraﬁlm induced a local in-
ﬂammatory reaction as indicated by histological and immunohis-
tological results. Our observations are in line with a number of
clinical reports. Inﬂammatory reactions leading to clinicallyTable 4
Complications after placement of Sepraﬁlm.
Authors year Pts Operations Complications Compli-cat
(POD)
Klingler et al.
(1999)
1 Laparotomy, lysis of
multiple adhesions,
and proctocolectomy
Abdominal distention
Partial small-bowel
obstruction
Fever
POD4
Remzi et al.
(2003)
3 Sigmoid colectomy
and colorectal
anastomosis
Abdominal pain
Fever
Hypotension
Tachycardia
Increased WBC
POD6
Total abdominal
colectomy and
ileorectal
anastomosis
Fever
Tachycardia
POD4
Total abdominal
colectomy
Abdominal pain
Fever
Increased WBC
Hypotension
Tachycardia
Peritonitis
POD7
David et al.
(2005)
1 Low anterior
resection for a
rectal tumor
Abdominal distention POD4
Pts: patients.
POD: post operative day.relevant complications after placement of Sepraﬁlm have been
reported repeatedly (Table 4). Klinger ﬁrstly reported Sepraﬁlm
might produce extensive inﬂammatory reactions after completion
of proctocolectomy.13 An intense intra-abdominal inﬂammatory
reaction was noted that corresponded to the area where
Sepraﬁlm had been placed. The Sepraﬁlm had also diffusely
spread over the surrounding small intestine and caused a denseion Therapy Findings Recovery
Relaparotomy
Dissection
Lavage
Miller-Abbott tube
drainage
Steroid treatment
Triple antibiotics
Dense inﬂammatory
reaction
Foreign-body
granutomatous
reaction
Sharp peritoneal
mesothelial thickening
Gradually recovered
and discharged at
POD23
Exploratory
laparatomy
Washed with saline
Cloudy ascites Recovered
uneventfully
Relaparatomy
Irrigated with saline
Fibronous exudate
and cloudy grayish
ascitis
Uneventful recovery
Urgent exploratory
surgery
Irrigated with saline
Cloudy exudative
ﬂuid where Sepraﬁlm
had been placed
Uneventful recovery
Relaparotomy
Lysis of adhesions
Ileocecectomy with a
partial omentectomy
and ileostomy
Extensive, dense
adhesions
Diffuse inﬂammation
with multiple giant
cells suggesting a
foreign body reaction
Recovered
Doing well at
6-week visit
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tous reaction was found accounting for the sharp peritoneal
mesothelial thickening in biopsy samples. Multinucleate histiocytic
giant cells and uninucleate histiocytes were found containing gray-
blue foreign material. Remzi reported three cases of acute post-
operative aseptic peritonitis which might be related to the place-
ment of Sepraﬁlm after colorectal surgery.17 However, this
complication occurred only rarely, in 3 out of more than 1300 cases.
David reported later a case of extensive inﬂammatory reaction in a
patient receiving placement of Sepraﬁlm.18 A giant cell foreign
body reaction to Sepraﬁlm was found in histological samples as
well. Therefore, our results conﬁrm their observations. Distribution
of the intense inﬂammatory reaction was consistent with the
location of Sepraﬁlm placement. Uchida performed a clinical
study and found Sepraﬁlm did not aggravate intraperitoneal
septic conditions or evoke systemic inﬂammatory response.19
Furthermore, all patients were recovered or uneventful recovered
from the complications after using of Sepraﬁlm in those clinical
ﬁnding.We at ﬁrst time presented that in our study, both ﬁbrin-like
membrane and local inﬂammatory reaction were persistent where
Sepraﬁlm was placed after 4 weeks observation. This suggested
that a long-term effect might occur after use of Sepraﬁlm.
In our present experiments, no up-regulation of white blood
cells and no liver damage were recorded as well. That might
support the conclusions that Sepraﬁlm did not evoke an intra-
hepatic inﬂammatory response. However, it seemed to lead to
local mainly histiocytic foreign body reaction. Based on this result,
we would not recommend using Sepraﬁlm in case of immuno-
logical investigations as Sepraﬁlm itself may induce a local in-
ﬂammatory reaction eventually blurring experimental results. In
summary, the pros and cons of using Sepraﬁlm were summa-
rized (Table 5).
Sepraﬁlm prevented adhesions between liver surface and
diaphragm effectively, enabling visualization of microcirculation.
Sepraﬁlm application did not induce a relevant systemic in-
ﬂammatory reaction in our rat model of focal outﬂow obstruction.
However, we observed the formation of an inﬂammatory mem-
brane on the liver surface as well as single histiocytic cells with
incorporated particles in the spleen. As a foreign body, the place-
ment of Sepraﬁlm seemed to cause a local inﬂammatory reaction
with a predominantly histiocytic inﬁltrate after not only short time
but also a long term observation. This persistent inﬂammatory re-
action caused by Sepraﬁlm could interfere with readouts in ex-
periments aimed at subtle inﬂammatory reactions. Therefore,
based on our observations, we would recommend the use of
Sepraﬁlm for long term surgical experiments aiming for investi-
gation of hepatic microcirculation at the end of the observation
period and not addressing immunological questions. Clinically, we
would suggest being very cautious in immuno-compromised
patients.Table 5
Advantages and disadvantages of using Sepraﬁlm in present study.
Advantages Disadvantages
Effectively prevents the formation
of adhesions between liver and
diaphragm
Formats ﬁbrin-like membrane, which
leading to search and Xadjust the
OPS _underdevice focus to acquire
the acceptable OPS
videos extremely time-consuming
Enables the acquisition of
microcirculation video data
using OPS
Induces a local inﬂammatory reaction
Did not evoke a relevant
systemic inﬂammatory
responseEthical approval
Housing and all procedures were carried out in accordance with
German Animal Welfare Legislation, and approved by the Land-
esamt für Natur, Umwelt und Verbraucherschutz Nordrhen West-
falen (x8 Tierschutzgesetz).
Funding
This research was supported by the grant “Klinische For-
schergruppe 117-Optimierung der Leberlebendspende” (Grant
number: Da251/5-2 und 3, Project S2 and B2, KFO117).
Author contribution
H.H. performed the experiments and assisted with planning the
experiments, data analysis and writing the manuscript; M.D.
assisted with planning the experiments, data analysis, and revising
the manuscript; H.J. performed experiments; O.D. assisted with
planning the experiments and revising the manuscript; U. D. co-
ordinated the project, assisted with planning the experiments, data
analysis and revising the manuscript.
Conﬂict of interest
Uta Dahmen and other co-authors have no conﬂict of interest.
Acknowledgment
This research was supported by the grant “Klinische For-
schergruppe 117-Optimierung der Leberlebendspende” (Grant
number: Da251/5-2 und 3, Project S2 and B2, KFO117).
References
1. Burns JW, Colt MJ, Burgees LS, Skinner KC. Preclinical evaluation of Sepraﬁlm
bioresorbable membrane. Eur J Surg Suppl 1997;577:40e8.
2. Lim R, Morrill JM, Lynch RC, Reed KL, Gower AC, Leeman SE, et al. Practical
limitations of bioresorbable membranes in the prevention of intra-abdominal
adhesions. J Gastrointest Surg 2009 January;13(1):35e41.
3. Diamond MP. Reduction of adhesions after uterine myomectomy by Sepraﬁlm
membrane (HAL-F): a blinded, prospective, randomized, multicenter clinical
study. Sepraﬁlm Adhesion Study Group. Fertil Steril 1996 December;66(6):
904e10.
4. Becker JM, Dayton MT, Fazio VW, Beck DE, Stryker SJ, Wexner SD, et al. Pre-
vention of postoperative abdominal adhesions by a sodium hyaluronate-based
bioresorbable membrane: a prospective, randomized, double-blind multicenter
study. J Am Coll Surg 1996 October;183(4):297e306.
5. Langer S, Harris AG, Biberthaler P, von Dobschuetz E, Messmer K. Orthogonal
polarization spectral imaging as a tool for the assessment of hepatic micro-
circulation: a validation study. Transplantation 2001 May 15;71(9):1249e56.
6. Puhl G, Schaser KD, Vollmar B, Menger MD, Settmacher U. Noninvasive in vivo
analysis of the human hepatic microcirculation using orthogonal polorization
spectral imaging. Transplantation 2003 March 27;75(6):756e61.
7. Dirsch O, Madrahimov N, Chaudri N, Deng M, Madrahimova F, Schenk A, et al.
Recovery of liver perfusion after focal outﬂow obstruction and liver resection.
Transplantation 2008 March 15;85(5):748e56.
8. Huang H, Deng M, Jin H, Liu A, Dirsch O, Dahmen U. Hepatic arterial perfusion is
essential for the spontaneous recovery from focal hepatic venous outﬂow
obstruction in rats. Am J Transplant 2011 November;11(11):2342e52.
9. DeCherney AH, diZerega GS. Clinical problem of intraperitoneal postsurgical
adhesion formation following general surgery and the use of adhesion pre-
vention barriers. Surg Clin North Am 1997 June;77(3):671e88.
10. Mazuji MK, Kalambaheti K, Pawar B. Prevention of adhesions with poly-
vinylpyrrolidone. Preliminary report. Arch Surg 1964 December;89:1011e5.
11. Groner W, Winkelman JW, Harris AG, Ince C, Bouma GJ, Messmer K, et al.
Orthogonal polarization spectral imaging: a new method for study of the
microcirculation. Nat Med 1999 October;5(10):1209e12.
12. Johns A. Evidence-based prevention of post-operative adhesions. Hum Reprod
Update 2001 November;7(6):577e9.
13. Klingler PJ, Floch NR, Seelig MH, Branton SA, Wolfe JT, Metzger PP. Sepraﬁlm-
induced peritoneal inﬂammation: a previously unknown complication. Report
of a case. Dis Colon Rectum 1999 December;42(12):1639e43.
14. Dahmen U, Hall CA, Madrahimov N, Milekhin V, Dirsch O. Regulation of hepatic
microcirculation in stepwise liver resection. Acta Gastroenterol Belg 2007
October;70(4):345e51.
15. Vipond MN, Whawell SA, Thompson JN, Dudley HA. Peritoneal ﬁbrinolytic
activity and intra-abdominal adhesions. Lancet 1990 May 12;335(8698):
1120e2.
H. Huang et al. / International Journal of Surgery 11 (2013) 935e943 943
ORIGINAL RESEARCH16. Tarhan OR, Eroglu A, Cetin R, Nce Y, Bulbul M, Altuntas YR. Effects of
Sepraﬁlm on peritoneal ﬁbrinolytic system. ANZ J Surg 2005 August;75(8):
690e2.
17. Remzi FH, Oncel M, Church JM, Senagore AJ, Delaney CP, Fazio VW. An unusual
complication after hyaluronate-based bioresorbable membrane (Sepraﬁlm)
application. Am Surg 2003 April;69(4):356e7.18. David M, Sarani B, Moid F, Tabbara S, Orkin BA. Paradoxical inﬂammatory
reaction to Sepraﬁlm: case report and review of the literature. South Med J
2005 October;98(10):1039e41.
19. Uchida K, Urata H, Mohri Y, Inoue M, Miki C, Kusunoki M. Sepraﬁlm does not
aggravate intraperitoneal septic conditions or evoke systemic inﬂammatory
response. Surg Today 2005;35(12):1054e9.
